
- <, 7 vc ,Z

AD-765 421

THE POTENTIAL LI F OF POLARIZED REFLECTED LIGHT IN

THE REMOTE SENSING OF SOIL MOISTURE

ARMY ELECTRONICS COMMAND

JULY 1973

DISTRIBUTED BY:

Natieona Technical Information Service
U. S. DEPARTMENT OF COMMERCE

4,.• ! ,



ADA

z Reports Control Symbol
OSD- 1366

0
. .... 0 RESEARCH AND~ DEVELOPMENT TECHNICAL REPORT

*ECOM-5501 12

~ ~THE POTENTIAL USE OF POLARIZED REFLECTED
~?~r:LIGT 1N- -THE REMOTE S.1ENSING OF

SOIL MOISTURE

Borry Doll

Atmospheric Sciences L.aboratory

* US Army Electronics Command

White Sartcs Missile Runge, New Mexico 88002

*A

* July 1973

.........

* Approved for public release, distribution unlimited.

*..,....00000000000 NATIONAL TECHNICAL
INFORMATION SERVICE

U S Department of Commierce

UNI1W STATES ARMY ELECTRONICS COMMAND -FORT MONMOUTH NWJRE0770



!~ NOTICES

By............. ...

Disclaimers

~TMe findings in this report are not to be construed as an Of-
ficial Department of the Army position, unless so designated
by other authorized documents.

Tecitation of trade names and names of manuifacturers in
r this report is not to be construed as official Government in-

dorsement or approval of commercial products or servic--s
referenced herein.

E

Disposition

Destroy this report when it is no longer needed. Do not
L return it to the originator.



UNCLASSIFIED Cagfctv

K ~DOCUMENT CONTROL DATA.- R &D
(Socwlity classification *1 lift*, body of abstact stad Indexing Annalsetion must be entoet~d whon the ovs~fll se ott .~eef

I- ORIGINATING ACTIVITY (Calpoetei Author) 28. REPORT SECURITY CL'A014.IATIO

Atmospheric Sciences LaborajtoryLCLSIFE
White Sands Miss'fle Range, New tVexico 88002 bGOP

11- REPORT TtTLE

THE POTENTIAL USE OF POLARIZED REFLECTED LIGHT IN THE REMTE SENSING OF SOIL W~ISTURI

4. OESCRIPTIVL NOTES (7Tp. 01oftpcriond incluoiv detoo)

5. AUTHOR(S) (Plst neeme middle ini~tial feetnems,)

SPI4 Barry Doll[ 8 CACT TC A. VZ70 OAI NO OW PAG&. 17b. No. OF REVSsF ;m AC. CO OR R GRANT NO. 94. ORIGINAlfit6R REPORT NUI43ERIS)

b. PROJECT NO. EO-5

~.DA TasbNo OTHER REP17 b.ORT NOWS fAay Other nume,. Metme 41Ye eeetted

feld.

cls.OIRIsUTIoN STATEMENT

Approved for public release; distribution unlimited.

II- SUPPILCMENTARY NO0TES 12. SPONSORING MILITARY ACTIVITY1US Army Electronics Command
Fort Mo~nmouth, New Jersey 07703

S.AlSTRACT

Polar*zatlon of light reflected from soil and san' samrples Is studied as surfacermoisture aýnd textlure of the samples are varied. A ref lectome-ter equipped with
a rotating analyzer records the polarization percentage of the ref lected lI ght. 3
The percentage of polarization runs from 15.5% for dry soilI to 89% for saturated
soil , indicating that the polari/.ation method troy be viable Pis a remote sensingZ
system for de~ermi n Ing soIlI mo Istures. Background on 'the me rhods and i uip IIcat ions
of the results are presented.

Ea

DD 1~?41104 73 RSPA* 3OWO,4S. iego -



YC' V..6 Ftycy~?assification

1 Id LINKWD A LINK 0 LINK c

* ___________________________________ H OLZ PIT noIt- WT M06 W

1. Polarization

2. Ref lected Liaht

3. Remote Sensing

seem"CIA104c"IC



F-4

PREFACE

Figure I was provIdad by NASA, Figure 2 by the Department of
Meteorology, UCLA. Figures 3-5 are adapted from graphs

VO 1provided by the Departme~nt of Meteorology, UCLA.
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I NTRODUCT ION

The 3bility to rapidly move mechanized equipment over all
types of terrain is essential to any modern army,. Since
nost of the earth's land surface Is covered by some~ kind
of soil, the army must concern itself with problemr of soil
irafficability. Some of the physical factors affecting
trafficability include soil type, -texture, comrpaction, and
moisture; slope and relief; the local hydrologic situation;
climate; and vegetation type and density. Of these, the
most imrportant short-term variable for a particular location
is undoubtedly soil moisture. A change In moisture conten,
of soil can ma ke a normally trafficable zone effectively
imp~assable to wheeled vehicles in a matter of hours.

7"RUEr.IE SOIL SENSING

A number of remote sensing techniques nave been applied to
the study of soils, and a few have been used to look at soil
moisture. Aerial photography can be used to obtain a rough
idea of the water content of a soil; one of the tirst
Gemini photos shows a darkened swath of West Texas soil that
had been damp~ened by a thunder-.torm (Figure 1'. Black and

* white Infrared film can be used to locate water at the surface,
3ince any water present will record as black.

*The Army Engineers Waterways Experiment Station has used a
four-band radar system at a 15-rreter elevation to study surface
water and soiI froisture Eli, pp. 52-533. Other organizations
i-,ve tried to apply variou,- types of roaar, including pulsed.

-C rv,,ar and radar scatterometr/, to tho sarre. problem [i, pp. 53-553.

Passive micrcwave radiometry Iiab shown a great deal of
prominse In de-rarmining surface composition and texture,
mo~istre content, and layt-ring. The Space General Division

of Aerojel G(-,erai Corp. has done, aoxtensve work in this
ara inclu.~ing sove suc:ce-,ful tosts with airborne 5ensors
[i, p. 59]. NASA is currontly interested in usinlg polarized

misoa6i aatal ion tu. 5.tudy suf i~(.4~ OI t.JI,5:s . ~

I. Ned~e~a9 S. M., and C. E. &'bllpeux, 1969, "Earth Scler.ce
ApoI led to Mi ,itr~y Usae of t-atural Terrain," Air Force
$jjrvOYS In Ckaphysics, No, 211.

5 Preceding pnge black
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Mi! POLARIZED REFLECTED LIGIHT

Another potentially valuable remcte sensing tool for the study
of soil moisture would involve the phenomenon of the poJarization
of light when It is reflected from natural surfaces. Virtually
any natural surface alters the polarization properties of light
which is reflected from it. In the case of impinging sunlight,

A • which is essentially unpolarized, the resulting reflected
light will exhibit some polarization. Natural surfaces therefore
fall somewhere between the two theoretical extremes of
ref lect ion properties:

(1) The Lambertian surface, from which the reflected light
is unpolarized, its intensity Indeoerdon,' of the angle
of illumination; and

(2) the classical specular reflector, from which the light
is completely polarized, behaving according to
Fresnel's laws.

For the purpose of studying reilected earthllight, the earth's

land c-,irface h-s Senerelly been considered to be a Lambertian
[3, p.. 45 reflector. tost surface roterials, when dry, reflect

4; light that Is very weakly polarized. Undisturbed water, however,
is the closest owron approximtion to a specular reftector,
and light reflected from Its surface rr-y be nearly 100%
polarized (at least in +he laboratory). As water is added to

• a dry soil, therefore, we can expect that the porcentake of
p* plarization of lIght reflected .rom the sol will •rwt I e
steadily as it wore and -wre strongly adopts Mie refle-ti%-
properties of water.

rikCause the Lthenogrwna ol ritficcued HTiht aro ntvortlnt toVh

"Study of varour, problem in phy.ics$ 4nd w•o-troloqv, thWrQ
has b"••uer. •erte iv , wokdmoHtis nr, . 2oo [43te

uf torN a groaet fwl of it, includinig hi;- Wr owne 'Itv4 at
of oth¶?r- *k thji fie*ld o~f poor te$ rlrccted ltpt. In

"9"5, C1, ( n' St1sera. afw r bt thA, withe i.Iti•
~ssistanC Sf£o'ikn, teýZ!an stpIdy i ri thve IvflIgioýr

itcrtesof natua surfaceos. Ihgv S.~Qc ~oip

thClen, ~4siStPU, C. 1.Nagarajz RkJcO .4nd Z. Sok:Q-ra, ;,%7,
I1twtsti-et1 ont s ti Ar the r'olarizatioln cm Liqht PktIq'cctod b

Nos. 2AF7 19 i62&) SOO 3& Wtpt.. of MierlgUCLA~.

of tjaturb. :ýýrfecos InNrlRoc aisce" pfj

*"L • -r,." v"":. 17
S " I I "•I~l l I I• I i • l~ • i17 |I • I- p7r I I I I I I



theoretical backgrounds for their study and methods [3, pp. 4-12],
[5], as well as extensive reports of their findings [61. They
have been interested melniy in characterizing the polarization
response of light in various conbinations of incidence and
reflection angles, although they have also varied the surface
composition to some extent.

The group at UCLA obtained noticeable differences in polarization
Sfo.tcr wha," tcy chear* the rf!ecting surface material. This
fact suggests that the polarization of the reflected lighT
might be studied to provide information about the surface.
During the week of 28 August 1972 - I September 1972, the
author visited Dr. Rao at his ;oboratory at UCLA to make
preliminary measurements cf the light refieead from surfaces
of varying texture and moisture. The experimental apparatus
and inbtrumentetion ued (Soue F;gtre 2) *werte &;,-;ar to
those described previousl' by Chen et at. [3, pp. 16-22j,
but In their present form they rtln to be described more fully
"in a forthcoming paper.

EXPERI ,.ENTAL PROCEDURE

In all the experiments, the illumination source angle was
kept conctant (550 00' from the vertical), while the reflection
angle was moved in 6" increments through Wst of the princical
itplane. Since the most signicant results are in the specular
half-plane (opposite the sour•e), only these orc shown for each
of the tgsts. The reflectonmte:- was equispped with o rotatlnq
analyzor, aad the dogree of plane polarlzation was date.rMined
by

"P K(j - I )pi 4I I (I).Max m .n IX m

whore F is the jacree ot Piano polarizin fnd V and mi
wire 'e mnaxirnve 'ffd Mit v '& I
radl.aricin transmitteiQk thflf~Uqg "_0 ajfalyZer, V, *)O~lanad by
-Ccv son [N, p.

.R. herar, S, T,,
"t labor-atory 01ee~ntit cINt C-ara'ceristicý %flecfS*C.0
M1atricos5 of 114turaf Surfaces," J. itis.. D.: Aopp I Vhr! ,, .
pp. lO57-.

6. Hao, C. k~ 4Vgra.a, aMl lti-%hu C',tqn. 196, "M Atias
of PŽiIarizaticn Features of Light R#ileeted fry Dert
Sand, 'Witle Sand, atld Sol, SciefltiK q apor Uo. 5,
.. ,.t .r~6aa.0f e1i•eorvl0', VLA.

,,II'..
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Ft~jujrt.. Lxpc':;rir' 1 •pDparj'ui _onsisting of (A) Quartz-halogen
light carriage, (H) Control panel, (C) Sample Tray, and
(D) Rotating-analyzer polarimeter.



The surface material used in the texture-variation experiment was
a dry, sandy, granitic soil, which was separated into four
particle-size ranges. Samples were placed In trays and
smoothed Oth a screed; results are found in Figure 3. The
same soil, minus any particles larger than 0.47cm (0.185 in.),
was used in the soil moisture tests (Figure 4), along with an

additional sample of white gypsum sand (Figure 5). The

variables introduced in the moisture testý are shown in
the key following Figure 4.

Because of time limitations, we were not able to vary any
properties other than texture and moisture. In the future,

it would be profitable to study the effects of changing the

microrelief, tracc element composition, and compaction (including

frozen N/s unfroz,)n surfaces).

TEST RESULTS

The results obtained by varying the texture of the soil (Figure
3) were relatively uniform. The only significant difference
in readings was between the coarsest sample, which was
essential ly a fine gravel, and the three finer samples. Work
with still coarser samples should probably be done to fully
evaluate the effect of particle size on polarization.

The tests done with sand and soil moisture (Figures 4 and 5)
revealed a phenomenon which could be exploited by remote
sensors. At the optimum reflection angle (approximately
60 degrees), polarization of the reflected light varied from
15.5% for dry ýoil to '09% for saturated soil, with a nearly
linear progression of values between the extremes. The
range of polarization values Is such that very accurate
moisture determinations should be possible, especial!y if
previous readings have established a standard for the surface
iinder scrutiny. In this case, as in many others connected
v:'th remote sensing, it would be quite advantageous to combine
different kinds of remote sensors to maximize the obtainable
information. Passes over an area of interest with IR and
passive microwave sensors, for example, might provide
enough compositional data to allow precise moisture determinations
with a polarimeter. Any kind of meteorological data would, of
course, be of great help as well (see the following section).

10



REFLECTION 8.cs 530 00'
SOURCE ANGLE

FOR ALL TESTS: 00 L --XA vs 49804
NA'T-URAL LIGHT

SAMPLE

SYMBOL PARTICLE SIZE
so • • <(0.21amm (0.0083")

I x x x BETWEEN 0.59mm (0.0232")and 0.83mm(0.0328)
A A AA BETWEEN 0.83mm(O.0328")ond 4.70mm(O.1850")
o o 0 0 >4.70rmm (0 . 18 5 0 m)

400

0.~ g.

REFLECTION ANGLE

Figure 3. Dry soil, varying particle size.
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So eIIIP..I. MWL 3

S"000
0 0

OCOOSLE' SALAAAWE 0

8. .-ui PLEo a 0

MURAL~ LmWr

4 &
40  I

*4 go, o

REFLECTION AWLE

LEGEND:

* * . • SAMPLE L DRY, BROWNISH SOIL, PARTICLES SMALLER THAN

4.70mm (0.185") , SMOOTHED WITH A SCREED.

o o 0 0 SAMPLE 2. SAME SOIL, SPRINKLED UNIFORMLY WITH WATER

SURFACE DARKER THAN IN* I. WATER CONTENT: 5.5 %

BY WEIGHT.

x x x x SAMPLE 3. SAME SOIL, MIXED WITH WATER BY HAND. SURFACE

DARKER THAN IN 0'2. USE OF A SCREED CAUSED THE
SURFACE TO APPEAR TORN. WATER CONTENT: 6.8% BY
WEIGHT.

6 A 6 A SAMPLE 4. SAME AS b3, BUT WITH WATER CONTENT OF 12.7%.

SURFACE APPEARED DARKER THAN IN 43.

0 0 0 0 SAMPLE 5. WATER WAS ADDED TO THE SOIL UNTIL IT OBTAINED
THE CONSISTENCY OF SLIDING MUD. SURFACE HAD AN
OVERALL GLEAM.

Figure 4. Sol I, varying moisture content.
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REFLECTION 0.re 53•00'

SOURCE ANGLE

FOR ALL TESTS:
NATURAL LIGHT

SAMPLE

'000

sO
SYMBOL CONDITION

0 * 0 * DRY

so x x x x MOIST (6.0% BY WEIGHT). MOIST SURFACE

HAD A SCULPTURED APPEARANCE

~40-

SII

20

U !

R1EFLECTION ANGLE

Figure 5. Gypsum sand, varying moisture content.
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FURTHER CONSIDERATIONS

!f a polarization analyzer Is to be used as a high-altitude
remote sensor, there remains the problem of transmission through
a turbid atmosphere. The atmosphere itself can act as a
polarizing agent, especially at the shorter visible wavelengths.
Transmission of surface infortmtion would be much more
effective in the yellow, red, and near-infrared bands.
Research would be necessary to determine the optimum transmission
bands for various applications, as well as the extent of
distortions to be expected. Vertical profile meteorological
Instruments might be-used to help correct for the distortions.
Rao and others at UCLA have been studying the problem of
transmission of polarized light for some time, and
solutions are probably within reach.

Since the envisioned sensing system would involve optical
interaction with soil particles at the surface, any physical
condttion which tends to limit that Interaction could
constitute a physical hindrance to the system. A heavy
vegetative cover might conceal enough soil to make the
resulting polarization percentages meaningless, depending on
the optical properties of the vegetation. A heavy dew could
cause misleading results In early morning readings. Each
of these limiting factors would have to be field-tested from
aircraft before the sensing system could be put into operation.

SUMMARY

Experiments have been performed on the extent of polarization
of light reflected from natural surfaces. Although other
variables remain to be tested, we have already found
that a change in soil moisture has a profound effect on
the polarization percentage of light ref!ected from the soil.
This fact could be used as the basis for a renote sensing system
for determining surface moistures, specifically through the
use of a rotating-analyzer reflectometer as part of a satellite
instrument package. Since angle of illumination lind angle of
observation are so Important to the resulting polarization,
a continual monitoring of these factors would have to be
performed by computer to allow an analysis of the results.
Information from other sensors would be used to help determine
surface conditions.

14
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